Study design: Review of the literature on the validity and reliability of assessment of spasticity and spasms. Objectives: Evaluate the most frequently used methods for assessment of spasticity and spasms, with particular focus on individuals with spinal cord lesions. Setting: Clinic for Spinal Cord Injuries, Rigshospitalet, University Hospital of Copenhagen, and Department of Medical Physiology, University of Copenhagen, Denmark. Methods: The assessment methods are grouped into clinical, biomechanical and electrophysiological, and the correlation between these is evaluated. Results: Clinical methods: For assessment of spasticity, the Ashworth and the modified Ashworth scales are commonly used. They provide a semiquantitative measure of the resistance to passive movement, but have limited interrater reliability. Guidelines for the testing procedures should be adhered to. Spasm frequency scales seem not to have been tested for reliability. Biomechanical methods such as isokinetic dynamometers are of value when an objective quantitative measure of the resistance to passive movement is necessary. They play a minor role in the daily clinical evaluation of spasticity. Electrophysiological methods: These techniques have provided valuable insight to the pathophysiological mechanisms involved in spasticity, but none of these techniques provide an easy and reliable assessment of spasticity for use in the daily clinic. Conclusion: A combination of electrophysiological and biomechanical techniques shows some promise for a full characterization of the spastic syndrome. There is a need of simple instruments, which provide a reliable quantitative measure with a low interrater variability.
Introduction
Spasticity is one of the most common and potentially disabling and bothersome complications affecting individuals with spinal cord lesion (SCL). Roughly, 70% of persons with SCL are spastic 1 year after injury, 1 and around half of these receive antispastic medication. 2 A quantitative assessment of spasticity and spasms is important for evaluation of potential effects of treatment interventions, but although spasticity is generally agreed to be easy to recognise, it is not easy to quantify. Therefore, the aim of the present review is to evaluate the reliability of the most frequently used methods for quantification of spasticity and to determine the correlation between the manual tests used in the clinic and the more objective and quantifiable biomechanical be present, for example, the muscle rigidity in Parkinson patients and contractures. It is a particular problem of classification and definition that changes in the mechanical properties of muscles, such as stiffness, contractures, fibrosis and atrophy, are generally found in SCL patients 4 and that a significant correlation between spasticity and contractures, reduced range of movement, is found. 5 Such changes may be very difficult to distinguish from spasticity clinically. However, the distinction is of great importance both in relation to research, drug evaluation and choice of antispastic therapy.
The above definition of spasticity emphasises the exaggerated activity in the stretch reflex, which distinguishes spasticity from disorders such as dystonia. Muscle activity is thus not seen in spastic patients at rest, but only becomes manifest when the stretch reflex is activated voluntarily or involuntarily. Patients with spasticity may also have spasms. These patients will often be classified as spastic, although they may have perfectly normal stretch reflex activity and normal velocity-dependent muscle resistance. This likely reflects that affection of different central pathways is responsible for the development of exaggerated stretch reflexes (ie spasticity) and spasms. In patients with lesion of the lumbar spinal cord, stretch reflexes are often absent, although they may have abnormally high muscle resistance, which is more likely caused by contractures. Nevertheless, they often have severe spasms. Likewise, patients who have 'spastic gait' are usually classified as being spastic, although the relation between spastic gait and exaggeration of the stretch reflex is unclear.
Spasticity, spasms and spastic gait are all manifestations of a lesion of supraspinal motor pathways and it therefore makes good sense in the clinic not to dissociate them, but in research studies on the pathophysiology of spasticity or for development of new antispastic or rehabilitation therapy a distinction between these three manifestations of 'upper motor neuron lesion' may be of importance.
Spasticity defined as above is caused by adaptive changes in transmission in the spinal networks distal to a lesion of descending motor pathways. Selective lesion of the pyramidal tract does not lead to spasticity, whereas lesion of descending pathways from the brainstem as well as the cortical control of these pathways does. 6, 7 In individuals with SCL, impaired transmission in different spinal inhibitory pathways, such as reciprocal inhibition and presynaptic inhibition, has been found [8] [9] [10] (Figure 2 ), which probably contributes to exaggeration of reflex activity and the increased muscle tone in the spastic patients. Evidence that changes in the properties of spinal motoneurones contribute to the development of spasticity in animals following spinal cord injury has also been obtained, 11, 12 but the significance of such changes for the pathophysiology of spasticity in human is unclear. 13 Spasticity is less severe in individuals with complete SCL, and is more severe in those with minimal sparing of voluntary movement. 1, 2, 5 The degree of spasticity varies from insignificant to very severe disability. There may also be a fluctuation in the spasticity during the day, and this seems more pronounced in persons with cervical SCL. 14 In addition, spasticity may not be elicited by movement provocation on physical examination in 40% of the patients who report spasticity. 5 
Assessment
A variety of outcome measures in spasticity management exist. 15 Recently detailed reviews of clinical, biomechanical and neurophysiological methods for spasticity evaluation have been published. [16] [17] [18] In the present review, we evaluate some of the more common methods for assessment of spasticity, and our focus will be on individuals with SCL in particular. 
Clinical methods

The Ashworth and modified Ashworth scales
The most frequently used clinical methods for estimation of spasticity are the Ashworth Scale (AS) and the Modified Ashworth Scale (MAS) 19, 20 (Table 1 ). The AS is simple, requires no instrumentation and is easy and quick to carry out, and has been used in a number of studies (see eg Tables 2, 5 , and 6). Bohannon and Smith 20 found that many of their patients demonstrated levels of spasticity towards the lower end of the scale and included an extra category (1 þ ) to render the scale more discrete. At the same time, they modified the definitions slightly (Table 1) .
The interrater reliability of the two tests has been tested in several studies. In addition, four studies have evaluated the intra-rater reliability of MAS (Table 2) .
It was concluded by Sloan et al 21 that MAS has an acceptable interrater reliability for testing of upper limb spasticity, but not so for testing of lower limb spasticity.
Nuyens et al 22 found AS to be more reliable for muscles of the ankle than for muscles of the knee, and least reliable for muscles of the hip. There is a risk of using a summated AS score as in this study, because this may mask unreliability arising from the use of individual muscle scores. 26, 28 Haas et al 23 investigated the interrater reliability for both AS and MAS in 30 SCL patients. As in the study by Bohannon and Smith, 20 the lower end scores were used more frequently; score 4 was used in only eight instances. They also found that score 0 was easier to rate than the other scores. The interrater reliability varied between AS and MAS, between muscle groups (ie worst for plantar flexors, followed by hip extensors and flexors and best for hip adductors) and different limbs. It was recommended that the scales should be used with caution when measuring spasticity in the lower limbs in individuals with SCL. The use of inexperienced assessors has been questioned, 29 but future studies are needed to evaluate the effect of training on the reliability of the scales. 23, 27 Allison et al 24 found for plantar flexor muscles that the interrater reliability was significantly lower than reported for elbow flexor spasticity by Bohannon and Smith. 20 They argued that there was no support for a continued use of the MAS scale to evaluate plantar flexor spasticity in persons with traumatic brain injury. The limited reliability of the MAS scale for testing of plantar flexor spasticity may be speculated to be due to a shorter lever arm at the ankle, which makes it difficult Slight increase in muscle tone, manifested by a catch and release or by minimal resistance at the end range of motion when the affected part(s) is moved in flexion or extension F 1+(2) Slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder (less than half) of the ROM More marked increase in tone but limb easily flexed 2 (3) More marked increase in muscle tone through most of the ROM, but the affected part(s) is easily moved Considerable increase in tone -passive movement difficult 3 (4) Considerable increase in muscle tone, passive movement is difficult Limb rigid in flexion or extension 4 (5) Affected part(s) rigid in flexion or extension ROM, range of movement In bracket, transcription sometimes used for the Modified Ashworth Scale Gregson et al 25, 26 found the intra-as well as the interrater reliability for the MAS is good to very good for elbow, wrist and knee, but less satisfactory over the ankle, which is in disagreement with the reported findings by Nuyens et al. 22 The importance of standardised, written guidelines for the measurement to improve the intra-and inter-rater agreement is stressed. 25, 26 Blackburn et al 27 assessed the inter-and intra-rater reliability of MAS, and found an acceptable intra-rater, but a poor inter-rater reliability. Because most agreement was obtained for score 0, they concluded that reliable measurements to establish whether normal or low muscle tone is present may be obtained by MAS.
Overall evaluation of the AS and MAS Based on the above and the results in Table 2 , several issues seem of importance. The characteristics of spasticity likely depend to some extent on the aetiology, which may impose certain variability in the reported evaluation and explain some of the differences in the studies. The circumstances under which the individuals have been tested, such as the time of the day, hours and type of activity before the test, ambient temperature, emotional status, general health (such as urinary tract infection, constipation, pain, fatigue), use of drugs, clothing and especially the testing position, that is, all not controlled factors may contribute to variability in the scores. In addition, the possibility that the degree of spasticity may change for a given test person between tests should be considered. 24 For research purposes, it is essential that the rater has received adequate training before commencing the testing procedure, and that well-described standardized procedures are available and adhered to. Because of the high inter-rater variability, it is recommended that only one rater performs all the tests in an investigation.
In relation to the test procedure, Pandyan et al 28 stress that the resistance in the viscoelastic elements of the muscle will decrease with repeated stretching, and that the number of repetitions during the testing of the particular muscle therefore should be kept to a minimum. Since spasticity is velocity dependent by definition, the speed of movement of the specific joint is of importance. Most studies report that 1 s was used for the movement, but precise measurements have not been performed and the range of movement and thus also the speed of movement used in the studies is unclear. Because a certain speed in the movement seems necessary to elicit the stretch reflex, 30, 31 it may be feared that too slow movements may have been used in several Inter-rater reliability comments
Spasticity-assessment: a review F Biering-Srensen et al studies for proper evaluation of the spasticity. In order to determine a possible influence from passive muscle structures, it is also necessary to manipulate the limb at a speed below the threshold of stretch reflex activity and to compare the resistance at this speed to the resistance generated at higher speeds of movement. It has been recommended to include information of passive range of movement, the resting limb posture before stretch and possible pain elicited during the stretch. 28 If the range of movement is decreased, for example, due to contracture, one has to be aware that the results obtained from clinical spasticity assessment may as well be limited. Likewise, if pain is present during the procedure, the value of the measurements may be questionable. However, for both of these issues, we have not found any studies, which have evaluated this specifically.
For the movements/muscle groups tested, it looks as if the reliability is generally better in the upper than in the lower limb. However, determining whether reliability for AS/MAS is 'acceptable' remains problematic. Although some reliability has been reported in several of the studies, the statistics used may be questioned. The percentage agreement indicates how often the raters agreed in their scoring on the AS/MAS. The Cohen's Kappa (k) statistic gives a value of agreement corrected for chance. A significant k value shows that the agreements between the raters did not occur by chance. However, because the prevalence within each of the categories differed greatly due to the high frequency of scores of 0, the data are skewed, and k may be an inappropriate statistic to use. 27 On the other hand, Kendall's tau (t) and Spearmann's rank correlation coefficient (r) both assume a rank order between subjects. Further correlation coefficient is a measure of the strength of linear association between two variables, which is not the same as a measure of agreement. The choice of statistic may also depend on the number of raters included.
In the review by Pandyan et al 28 it is concluded that 'AS can be used as an ordinal level measure of resistance to passive movement, but not spasticity. The MAS will need to be treated as a nominal level measure of resistance to passive movement until the ambiguity between the '1' and ' þ 1' grades is resolved. ' In a later editorial, Ward 32 state that AS and MAS are in general use, and their reliability is good in some areas, but their validity in their general application to spasticity assessment is not, and its limitations should be realised.
These statements seem still valid, but in the only reliability study in individuals with SCL it is concluded that the AS/MAS seem not ideally suited for persons with SCL. 23 On the other hand, Sko¨ld 14 found in a study of 45 individuals with SCL that there was a significant correlation between self-ratings of spasticity using a visual analogue scale (VAS) and the clinical rating with MAS.
From the pragmatic standpoint it can be concluded that AS/MAS may be used in the clinical setting as well in research. However, then it should be performed after appropriate training according to standardised procedures, which take into account the many possible, confounding factors mentioned above, and when used in research one rater only should be applied.
Spasm frequency scales
The original Penn spasm frequency scale 33 was created to follow the effect of intrathecal baclofen in 20 patients with spasticity caused by multiple sclerosis and SCL (Table 3) . For this purpose, the scale was sufficiently sensitive, whereas it may be less optimal for other purposes; in particular, when the treatment effect influences score 3 and 4. 35 An alternative spasm frequency score (Table 3) ranking spasm frequency per day has been suggested. 34 In the article, a spasticity score is created from the product of the scores for the degree of muscle tone according to AS and the spasm frequency. Two physicians scored 10 patients and found close agreement for the composite spasticity score.
Priebe et al 36 found in a study of 85 individuals with SCL with varying degrees of spasticity weak relationships between the Penn spasm frequency scale and selfreport scales of interference with function and painful spasms. Various clinical examination scores, including the Penn spasm frequency scale, AS, standard scales of tendon taps, clonus, and plantar stimulation correlated poorly with each other, suggesting that they each assess different aspects of the spastic syndrome.
The spasm frequency may be counted as suggested, but one should be aware that the sensitivity may well depend upon the particular patient group tested. In addition, until now we do not have any reliability studies available.
Biomechanical methods
Isokinetic dynamometers have frequently been used for assessment and evaluation of spasticity. The great advantage is that they make a standardization of the applied stretch velocity and amplitude possible, and thereby are able to quantify the velocity-dependent resistance in the muscle to passive movement.
Reliability of isokinetic dynamometer measurements
The reliability and validity of isokinetic dynamometers (Kin-Com s , Cybex) has been examined in several studies, [37] [38] [39] [40] [41] [42] from which it can be concluded that the resistive force values are highly reproducible for lowas well as high-angle velocities, and in able bodied as well as in individuals with cerebral palsy and SCL (Table 4) .
Muscle resistance to passive mechanical stretch and spasticity graded by AS or MAS In all the studies listed below it was attempted to quantify the resistance to passive flexion and/or extension of a joint at different stretch velocities, that is, quantifying the torque and its sensitivity to stretch velocity. Some have evaluated the total resistance in the muscle at different stretch velocities while others have tried to differentiate the intrinsic and the velocitydependent torque components. The latter studies, for example, Pisano et al 43 have the advantage that they ignore morphological changes in the muscle due to inactivity or changes in neural control and thereby emphasize the hyper excitability and velocity-dependent increase in resistance/torque defined as spasticity. To evaluate spasticity, Firoozbakhsh et al 44 measured the total resistance to passive extension and flexion of the knee joint at 301, 601 and 1201/s (Table 5 ). They found significantly greater sum torque in individuals with SCL compared to the able-bodied group, and greater slope of the torque-velocity regression lines, showing a greater sensitivity to stretch velocity in the group with SCL.
Perell et al 45 used the same experimental setting, and found in contrast to Firoozbakhsh et al 44 significantly less peak resistance in spastic (AS score 2-4) compared to normal individuals. They also found lower resistance in the spastic compared to flaccid (AS score 0) individuals during passive flexion of the knee at 601 and 1201/s. There was no significant difference in resistance between flaccid and normal individuals (Table 5 ). In addition, they found a significantly lower slope of the linear regression curve of the torque-velocity data in both directions in the spastic compared to the normal group and for spastic compared to flaccid group. This means that the group with SCL quite surprisingly showed a lower sensitivity to stretch velocity than the two other groups. However, one should be cautious with the interpretation of these results and results from other studies where torque measurements are taken at few velocities only. Since we do not know the threshold velocity for eliciting the stretch reflex in the different populations, we do not know if we compare torque measurements under different conditions. The spastic group might have a stretch reflex threshold below 301/s and therefore have reached higher levels at this velocity, giving a lesser slope in the regression line within the measured velocities.
Perell et al 45 demonstrated for all groups that peak torque in both directions increased linearly with the velocity of the knee motion. Further, it is interesting that they were able to classify 100% of the spastic, 90% of the normal and 67% of the flaccid individuals using discriminant analysis.
Franzoi et al 46 got slightly different results, with the SCL group showing a significantly higher average peak torque in passive isokinetic flexion of the knee at 1201/s compared to the normal group. There was a significantly lower average torque in the SCL group with AS scores 1-2 compared to the normal group for extension of the knee at 601 and 1201/s, and correspondingly a higher average peak torque in the SCL group with the AS score 3 compared to the normal group at extension and flexion at 601 and at 1201/s (Table 5 ). They state that the lower or equal peak torque in the SCL group with AS score 1-2 were comparable to data from a normal group reported by Perell et al. 45 This comparison seems a bit dared, since the two studies used different AS scores for subdivision of SCL individuals (Table 5) . Consequently, it is difficult to draw conclusions in this respect from the two studies.
Akman et al 47 found for the SCL group that resistive torque from hip abduction was significantly different from hip adduction, and ankle dorsal flexion was significantly different from ankle plantar flexion. Peak torque values were significantly higher in individuals with SCL compared to normal for each joint motion at all velocities. When differentiating between various grades of spasticity, individuals with AS score 1 showed no difference compared to normal in knee flexionextension and ankle dorsal flexion, while there was a significant difference in hip abduction. Further, AS score 2 was insignificantly different in knee flexionextension compared to normal (Table 5) .
For the SCL group, the average peak torque values were positively correlated with the AS scores.
Pisano et al 43 found stretch reflex threshold speed (determined from simultaneous electromyography (EMG) measurement) significantly lower in post-stroke individuals compared to controls. The stiffness indices were significantly higher in post-stroke individuals compared to controls (Table 5) . These results indicate greater passive and reflex-mediated wrist stiffness in post-stroke individuals compared to controls. Finally they found high correlation between MAS and total stiffness index, MAS and stretch reflex threshold speed as well as between MAS and stretch reflex. It is interesting that MAS correlated so well with these measures.
Pandyan et al 48 developed a portable custom build measurement device for evaluation of spasticity. With this device, the resistance to passive movement (RTPM) during extension of the forearm was measured. The assessor is moving the forearm during pain-free range of movement measuring MAS, while the device simultaneously measures RTPM, passive range of movement (PROM) and speed. At 1 week after stroke, RTPM in Spasticity-assessment: a review F Biering-Srensen et al 'Spastic'-group T max for extensors at 60 and 1201/s was lower (P ¼ 0.0009 and P ¼ 0.0017, respectively) compared to 'flaccid' and C. No significant difference between 'flaccid' and C. T max and T sum increased linearly with velocity of knee motion for all groups (Po0.05). Sensitivity to the rate of stretch from the slope of the regression curve (torquevelocity data): -'Spastic' group had a lower T sum -slope compared to 'flaccid' (significant) -'Spastic' group had a lower T max -slope compared to C (significant) -'Spastic' group had a lower T maxflexion compared to 'flaccid' and C (significant) 100% of 'spastic', 90% of C and 67% of 'flaccid' were correctly classified by classification matrix ISI in patients was higher compared to C from previous study (P ¼ 0.0019) TSI in patients was higher compared to C from previous study (P ¼ 0.007) SRTS in patients was lower compared to C from previous study (P ¼ 0.0001) Comparison of the stretch reflex latency values (EMG) at 5001/s did not reveal significant differences between patients and C from a precious study (P ¼ 0.67) Stretch reflex area (EMG) at 5001/s in patients was larger compared to C (P ¼ 0.0001) H max /M max ratio in patients was higher compared to C from a previous study (Po0.001) TSI, SRTS and SR area were highly correlated to the Ashworth scores SCL, spinal cord lesion; C, able-bodied controls; AS, Ashworth scale; MAS, modified Ashworth scale; T max /mT, maximum peak torque; PT: peak torque; SRTS, stretch reflex threshold speed Spasticity-assessment: a review F Biering-Srensen et al the impaired arm was greater than in the nonimpaired arm. RTPM was greater in those with MAS score 1 þ compared to MAS score 0 or 1, while speed and PROM was greater for those with MAS score 0 compared to those with MAS score 1 or 1 þ (Table 5) .
In a later study, Pandyan et al 49 found that RTPM in the impaired arm was greater than in the nonimpaired arm. Likewise, RTPM was greater in those with MAS score higher than 0 compared to those with MAS score 0. The authors conclude that the MAS did not provide a valid measure of spasticity, but may provide a measure of resistance to passive movement.
In the clinical set up used by Pandyan et al, 48, 49 it is difficult to standardize the stretch velocity, which is an important parameter in comparing resistance to stretch. Further, as they state, the RTPM is measured as force and not as torque, which makes it difficult to compare measurements between and within subjects when the lever arm is not standardized.
Overall evaluation of isokinetic dynamometer measurements
Isokinetic dynamometers may be of value when an objective and reproducible measure of resistance to passive movement is needed, such as in relation to research projects and drug evaluation. The isokinetic dynamometers permit that the velocity-dependency of the muscle resistance, contributions from intrinsic muscle resistance and stretch-evoked muscle resistance may be determined. 46, 47, 50 For the individual resistance and EMG measurement, however, it would be desirable to have a reference measurement for standardization when results from different subjects are being compared. In this way, one could compare measurements of muscle resistance and reflex activity from different muscles with different sizes and morphology. As reference or standardization, we propose to use the torque produced by a maximal peripheral electrical stimulation (M max ) or the maximal voluntary contraction (MVC). A similar standardization of the accompanying EMG activity from the stretch reflex has already become standard. 51, 52 Future aims may be to develop the methods further and to consider whether it will be feasible to develop new portable or semiportable devices that are easy to use in the clinical setting as described recently by Burridge et al.
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Pendulum test
The pendulum test was introduced by Wartenberg in 1951, 54 and has been evaluated in several subsequent studies. [55] [56] [57] [58] [59] In its most simple form, the patient is seated or lying with the lower leg hanging over the end of a couch. The examiner then extends the leg to the horizontal position, while the patient is told to relax. The leg is then released and allowed to swing freely under the action of gravity. With the use of electrogoniometers, the swing of the leg about the knee joint may be evaluated. In individuals with spasticity, a reduction of the swing is generally found. One way of quantifying this is to calculate the ratio between the initial flexion and the final position of the knee joint measured by goniometers, when the leg has come to a rest. This ratio shows a clear correlation to the severity of spasticity as evaluated by the AS. 59 The advantage of the pendulum test is its simplicity, and the more refined quantification of the severity of spasticity that is obtained compared to the AS. However, it also has several drawbacks. It depends crucially on how the person is seated and the ability of the person to relax fully. Furthermore, it may only be used to evaluate spasticity in the knee muscles and it seems not to give any useful information in severe spasticity. Finally, it is not possible with the test to dissociate increased resistance in the muscle due to viscoelastic changes from the velocity-dependent resistance due to spasticity. Probably because of these drawbacks, the test has not obtained any wider use.
Electrophysiological methods
It has been considered in a number of studies whether measurement of the evoked electrical activity from the muscles EMG may be used to evaluate spasticity either alone or in combination with biomechanical measurements. This approach seems logical given that the mechanical response of the muscle to some extent must be proportional to the electrical signal (see however Sinkjaer 50 ). It should be remembered that measurement of EMG from a relaxed muscle without some kind of manipulation makes no sense, if the aim is to evaluate spasticity. 'Spontaneous' EMG activity is a sign of dystonia or muscle spasms, whereas evaluation of spasticity requires activation of the stretch reflex. Several studies during the past 40-50 years have consequently used EMG to measure the responses evoked by either stretching of the muscle (stretch reflex), tendon tap (T-reflex) or electrical stimulation of the peripheral nerve supplying the muscle (H-reflex) in order to evaluate whether these responses are exaggerated in spastic individuals and related to the degree of spasticity (Figure 1 ). Some studies have also measured the EMG response to passive manipulation of the limb by an examiner. 60, 61 There are several problems in such studies. The size of the responses measured in the EMG depends heavily on such factors as the placement of the electrodes, skin resistance, subcutaneous fat, muscle atrophy, etc. It is therefore not possible to compare the absolute amplitude of the responses between or even within subjects from session to session. The responses may, however, be compared from session to session and from subject to subject, if they are expressed relative to the size of the EMG response evoked by a supramaximal stimulation of all motor axons in the nerve supplying the muscle from which the reflex response is measured (M max ). Unfortunately, this has not been done in several studies and the value of these is therefore limited.
The size of the evoked responses has also been found to depend crucially on the position of the various joints in the examined limb 62, 63 as well as the position of the head, due to effects from the vestibular system and neck receptors. 64, 65 Ensuring a comparable position of the relevant joints and body segments during all measurements is therefore of importance.
Even in the studies where such control measures have been taken, it has been found that the evoked EMG activity varies significantly within a population of healthy subjects. For instance, the soleus H-reflex varies between 0 and 100% of the maximal M-response. 66, 67 The size of the responses appears to depend on a number of different factors including the level and type of physical activity of the individual, the age of the person and possibly also genetic factors. 66, 68 Despite of this variability, most studies have found that the reflexes, when measured in resting individuals, are larger in a population of spastic individuals as compared to an age-matched population of healthy persons, 10, 43, [69] [70] [71] [72] [73] [74] [75] [76] see however Schindler-Ivens and Shields. 77 On the other hand, within the population of spastic individuals, usually no clear correlation is found between the size of the responses and the amount of spasticity as evaluated according to the MAS, 10, 43, 70, 72 see however Allison and Abraham 78 and Sherwood et al 79 (Table 6 ). This can be explained either by the described limitations of the AS and the MAS or the large variability of the EMG responses in the population as a whole. It is noteworthy that some healthy persons, without being spastic, have stretch reflexes that are of the same size as in most spastic individuals, and that some spastic individuals have stretch reflexes, which are in the lower part of the normal range (personal observations). This suggests that the clinical diagnosis of spasticity involves more than a simple exaggeration of the phasic EMG responses. Clearly, the mechanical translation of the EMG response and the more tonic part of the evoked stretch reflex activity may play a crucial role also. Although electrophysiological measurements on their own thus do not play any significant role in the evaluation of spasticity, there are two areas where they nevertheless have made a significant contribution and may be expected to play an even more significant role in the future. One is that they provide the easiest and most reliable way of determining the stretch reflex threshold and thus may be of value for evaluation of spasticity in combination with biomechanical techniques. 31, 83, 84 Based on the studies reviewed in this and the previous section, it would seem reasonable that a 'gold standard' for evaluation of spasticity would involve EMG measurement to determine the stretch reflex threshold and biomechanical techniques to evaluate the relationship between stretch velocity and the evoked stretch reflex-mediated torque generated from the stretched muscles. We believe that further investigation of this combination may prove to be fruitful in the future.
Another area where electrophysiological techniques have already made a significant contribution is in the investigation of the role of altered transmission in spinal neuronal circuitries for the pathophysiology of spasticity. [85] [86] [87] [88] [89] Impaired transmission has been found especially in the inhibitory pathways, which exert presynaptic inhibition of the terminals of stretch reflex afferents and postsynaptic reciprocal Ia inhibition between antagonistic muscles (Figure 2 ). However, although such studies are of great importance for our understanding of the pathophysiology of spasticity and thus for our future possibilities of refining the diagnosis and treatment of the disorder, it should be pointed out that the techniques used in the studies cannot be used as a way of evaluating the degree of spasticity. Although both presynaptic inhibition and reciprocal Ia inhibition are depressed in a population of spastic individuals as compared to healthy control persons, [8] [9] [10] there is usually no good correlation between the amount of depression and the extent of spasticity within the population of spastic individuals. Noteworthy, there are spastic persons in whom both inhibitory mechanisms appear to function quite well, but who nevertheless are severely spastic -and there are healthy persons, who are naturally not spastic, but in whom the two inhibitory mechanisms cannot be demonstrated. 8, 81, 90 This reflects the multifactorial pathophysiology of spasticity and illustrates that measurement of any of these mechanisms is unsuitable as a marker of the extent of spasticity.
Conclusion
We know that the various tests and measurements assess different aspects of spasticity. To minimize the influence of confounding factors, strict guidelines for the assessment procedures are necessary together with a regular training program for the assessors.
Reliable and reproducible quantitative measures are in particular needed for evaluation of new treatments of spasticity. Further development and standardization of biomechanical techniques may be a possibility for having a valid and reproducible instrument. In addition, a combination of electrophysiological and biomechanical techniques shows some promise for a full characterisation of the spastic syndrome. For the daily clinical routine, simple instruments will be very much appreciated.
